Introduction
============

The syndrome of central airway obstruction(CAO), a common problem in medical and surgical settings ([@ref-14]; [@ref-1]), is generally defined as occlusion of \>50% of the trachea, mainstem bronchi, bronchus intermedius, or a lobar bronchus. The incidence of this disorder is rising at present, possibly due to (1) the epidemic of lung cancer, which is typically diagnosed at an advanced stage ([@ref-9]) and up to 30% of which causes CAO ([@ref-12]); (2) the increasing use of artificial airways ([@ref-1]); (3) the epidemic of tuberculosis, which is still out of control in parts of the world including Africa and Asia ([@ref-4]). Especially the epidemic of tracheobronchial tuberculosis, which is present in 10%--40% of active pulmonary tuberculosis ([@ref-20]), with involvement of the primary bronchi in 60%--95% of cases ([@ref-10]).

Patients with hypoxemic CAO are typically compromised with a life-threatening airway obstruction. In recent decades, interventional bronchoscopy has become an effective treatment for central airway obstruction ([@ref-9]). However, given that a flexible bronchoscop (FB) can occupy 10--15% of the normal tracheal lumen and decrease PaO~2~ by 10--20 mmHg ([@ref-18]), it is not recommended for excessively dyspneic patients without assisted ventilation ([@ref-23]). The current recommendation for interventional therapy of hypoxemic CAO is either by rigid bronchoscopy or by FB via artificial airway under general anesthesia ([@ref-5]; [@ref-17]; [@ref-7]; [@ref-13]). However, therapeutic bronchoscopy under general anesthesia for critically ill patients is unavailable at many bronchoscopy centers, especially in developing countries. A survey has shown that both rigid bronchoscopy and FB under general anesthesia are seldom performed in China ([@ref-16]). Additionally, economic burdens arising from general anesthesia should not be ignored.

Are there any other convenient and practical airway management techniques for the interventional bronchoscopy of hypoxemic CAO? In several recent studies, NIV has been successfully applied during FB for BAL or ETI under topical anesthesia with or without sedation in hypoxemic patients ([@ref-15]; [@ref-2]; [@ref-11]). To our knowledge, no research has studied the use of NIV during interventional FB in patients with hypoxemic CAO to date.

In the present study, we review the efficacy and security of the technique and compare it with those of interventional FB via ETI or laryngeal mask (LMA) under general anesthesia performed in our hospital. The results of this medical research are reported as follows.

Method
------

This is a retrospective review approved by the Institutional Ethics Committee of the Eighth Affiliated Hospital of Sun Yat-sen University (Ref \# 2016091001). Hypoxemic CAO patients who were treated with interventional flexible bronchoscopy in our hospital during the period between December 2010 and May 2016 were included. Verbal informed consent was provided by every participant or their legal representatives. The authors did not have access to information that could identify individual participants during or after data collection.

Inclusion criteria are (1) patients conform to the diagnostic criteria of hypoxemic CAO; (2) Blood gas analysis on admission shows that PaO2 \< 60 mmHg and CO2 PaCO2 ≥50 mmHg; (3) \>50 years old; (4) on admission, with severe dyspnea symptoms, such as cough, purulent sputum, shortness of breath, jugular vein distention, etc.; with increased respiratory function, such as chest abdominal contradictory movement or intercostal muscle contraction.

Exclusion criteria are (1) stent placement; (2) significantly enhanced computed tomography (CT) of the lesion (elevated CT value over 50); (3) obvious respiratory depression, apnea, or obstruction of upper respiratory tract; (4) unstable cardiovascular system function, including hypotension, arrhythmia, myocardial infarction, or serious hemodynamic instability, no response to liquid therapy and vasoactive drugs; (5) the secretion is thick and large, which may cause aspiration; (6) serious liver and kidney dysfunction; (7) obesity, craniofacial trauma, nasopharyngeal abnormalities, etc., which can not be treated by FB; (8) other contraindication of FB as previously described ([@ref-6]). The intervention was considered successful if at least 50% of airway patency was achieved ([@ref-13]). Twenty-nine patients met the above criteria.

Preparation before procedures
-----------------------------

Standard preoperative assessment was made for each patient, consisting of laboratory investigations (including coagulation parameters and arterial blood gas analysis), diagnostic FB and chest CT. Data of location, percentage and length of the lesion and condition of distal airway were all obtained for making a decision of interventional procedure. Patients' oral intake, except for water, was refrained for 4 h in the NIV group and 8 h in the control group prior to the intervention. All patients had venous access before the procedures.

Procedures
----------

### NIV group

Additional exclusion criteria were ETI patients and patients with contraindications for NIV, including reduced level of consciousness, recent facial or esophageal surgery, and inability to tolerate the face mask ([@ref-2]).

Patients were sent to the bronchoscopy center and initiated on NIV to allow acclimatization. Dezocine (2.5--5 mg) was given intravenously 10min before the examination while midazolam (1--3 mg IV) was given immediately prior to FB, according to age and body weight. 2% lidocaine was used as topical anesthesia. A swab with 1% ephedrine and 2% lidocaine was retained in one nostril, 5 min before the insertion of FB.

NIV mode of the ventilator (MAQUET SERVO) was delivered with positive endexpiratory pressure (PEEP) via a resuscitation full-face mask secured with headstraps ([Fig. 1](#fig-1){ref-type="fig"}). PEEP was initially set at five cmH~2~O, pressure support at 10 cmH~2~O and FiO~2~ at 0.30. These parameters were adjusted during the procedures to make sure SpO~2~\>90% and tidal volume\>8 ml/kg. FiO~2~ was confirmed at 0.4 or below before thermal ablation to avoid airway fire.

![Therapeutic bronchoscopy during NIV.\
Flexible bronchoscope was introduced into the nose through the T-seal adapter and the full-face mask. The face mask was connected to a mechanical ventilator.](peerj-08-8687-g001){#fig-1}

FB (OlympusBF-1T40) was performed after the patients had received topical anesthesia. A T-adapter was attached to the face mask for insertion of FB via nasal route. If this initial insertion failed, a mouthpiece was placed for oral insertion to replace. Additional lidocaine (2%) was administered through the bronchoscope as needed for topical aneasthesia of the airway. Subsequent boluses of 1--2 mg midazolam were administered if the subject was not sufficiently sedated during the procedure.

Balloon Dilation, electrocautery needle /loop and APC via bronchoscope were selected solely or combined in accordance at the bronchoscopists discresion.

### Control Group

Patients were sent to the operating room,and subsequently Anesthetized intravenously. The intravenous anesthesia included target controlled infusion (TCI) of propofol (2 ug/ml) and remifentanil (4--6 ng/ml) with Dexmedetomidine (0.5 ug/kg/h). The patients were ventilated by volume-controlled mode of anesthesia machine (Dräger GS) through ETI or LMA via a T-adapter (8.0 ETI for lower tracheal and bronchus lesions, 3--4\#LMA for upper tracheal lesion). Tidal volume, was set at 6∼10 ml/kg, respiratory rate at 12∼16/min and oxygen flow at 5 litters. Oxygen and air flow were adjusted to ensure FiO~2~ at 0.4 or below just before thermal ablation to avoid airway fires.

Monitoring
----------

During the procedures, pulse-oximetry and heart rhythm (5-lead ECG) were continuously monitored. For NIV group, automated noninvasive blood pressure was monitored, while for control group, an arterial catheter was inserted into radial artery for blood withdrawal and hemodynamic monitoring.

Statistical analysis
--------------------

All statistical analysis was done with GraphPad Prism4 software (GraphPad Software Inc, La Jolla, CA, USA). Numeric and categorical parameters were analyzed by Fisher exact test. Differences of measurement data were presented as mean ±  standard deviation (SD) and were analyzed by t test for two groups or one-way analysis of variance for multiple groups. Mann--Whitney U test was used for analysis of admission hours before procedure and procedure fee. A *p*-value \< 0.05 was considered statistically significant.

Result
======

A total of 29 patients were enrolled in this study: 15 in the NIV group and 14 in the control group. Subject characteristics of both groups were comparable based on age, gender, and concomitant diseases, including hypertension, coronary heart disease and COPD. There was no significant difference between the two groups in lesion characteristics, including malignant rate, elevated CT value and site of obstruction ([Table 1](#table-1){ref-type="table"}).
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###### Characteristics of patients and lesions.

![](peerj-08-8687-g004)

                                  **NIV group (*n* = 15)**   **Control group (*n* = 14)**   ***P* value**
  ------------------------------- -------------------------- ------------------------------ ---------------
  **Male (%)**                    10                         10                             1.00
  **Age (mean ± SD)**             57.5 ± 15.1                61.6 ± 12.5                    0.14
  **Malignant (%)**               10                         10                             1.00
  **Rise of enhanced CT value**   33.1 ± 10.1                35.1 ± 11.9                    0.63
  **Site of obstruction**                                                                   
  **trachea(%)**                  7                          6                              1.00
  **bronchus(%)**                 8                          8                              1.00
  **Hypertension**                4                          4                              1.00
  **Coronary heart disease(%)**   2                          2                              1.00
  **COPD**                        4                          3                              1.00

There was no significant difference in the type of procedures, procedure time and success rate between the two groups. The lowest SpO~2~ during procedure and improvement of PaO~2~ in the NIV group were similar to those in the control group ([Table 2](#table-2){ref-type="table"}).
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###### Type of procedures, procedure time, changes of oxygenation parameters.

![](peerj-08-8687-g005)

                                     **NIV group**   **Control group**   ***P* value**
  ---------------------------------- --------------- ------------------- ---------------
  **Type of procedures**                                                 
  Apc                                12              10                  0.68
  Cryotherapy                        13              10                  0.39
  Balloon Dilation                   5               4                   1.00
  Electrocautery                     2               3                   0.65
  **Procedure time** (min)           60.5 ± 4.2      67.8 ± 5.6          0.31
  **Success rate (%)**               100.0           100.0               1.00
  **Lowest SPO2 during procedure**   92.4 ± 0.7      92.9 ± 0.5          0.53
  **PaO2**                                                               
  before procedure                   66.7 ± 1.9      67.3 ± 1.8          0.83
  after procedure                    79.9 ± 2.1      80.3 ± 2.3          0.90

Less reduction of systolic blood pressure and heart rate during procedure was observed in the NIV group ([Fig. 2](#fig-2){ref-type="fig"}). Compared with the control group, the NIV group showed less admission hours before procedure (35.1 ± 4.6 h VS 55.6 ± 5.6 h, *p* \< 0.01), [Fig. 3A](#fig-3){ref-type="fig"}. Additionally, procedure fee in the NIV group was significantly less than that of the control group (540.7 ± 62.8\$ VS975.4 ± 69.5\$, *p* \< 0.0001), [Fig. 3B](#fig-3){ref-type="fig"}.

![Changes of systolic blood pressure (A) and heart rate (B) during the procedure in NIV and control groups.\
\*\*\**p* \< 0.001 versus baseline of Control, \#\#\#*p* \< 0.001 versus baseline of NIV; \* *p* \< 0.05 versus minimum systolic blood pressure of control; ^*p*^ \< 0.001 versus minimum heart rate of control.](peerj-08-8687-g002){#fig-2}

![Admission hours before procedures and procedure fee (B) in NIV group and the control group.\
\*\**p* \< 0.01 versus the control group, \*\*\**p* \< 0.001 versus the control group.](peerj-08-8687-g003){#fig-3}

Discussion
==========

The present study shows that the use of NIV is both safe and cost-effective in the treatment of hypoxemic patients with CAO.

Safety is the top concern of interventional therapy for hypoxemic CAO. There is no significant difference in SpO~2~ between the two groups during procedures. All the procedures were successfully performed. However, the suppression of blood pressure and heart rate is less in the NIV group than that in the control group. FiO~2~ and PEEP can be adjusted with NIV to ensure oxygenation, and inspiratory pressure can also be adjusted to ensure adequate ventilation. In case of longer procedure duration, Midazolam and dezocine, which were effective in our previous diagnostic bronchoscopy research ([@ref-3]), are used at relatively higher doses to reduce discomforts and ensure smooth procedures. As sedatives have less impact on respiratory and circulatory system than general anesthesia, less suppression of blood pressure and heart rate is observed in the NIV group.

As bronchoscopy for the control group is performed through an artificial airway under general anesthesia in the operation room, the patients and the interventional equipment in the control group have to be moved to operation room for the procedures. Sometimes the procedures are delayed due to the unavailability of operation room or skillful anesthesiologist. In contrast, procedures to the patients in the NIV group are performed without anesthesiologist in the bronchoscopy room. The procedures are carried out during NIV with normal adapter via resuscitation mask under moderate sedation. All the instruments, including NIV machine, adaptor and mask, are easy-to-get and equipped in the bronchoscopy room. As we Chinese pulmonologists are familiar with NIV and sedation techniques, the procedures are convenient and smooth.

The procedure duration of the control group is similar to what was described in the previous reports, from 67 min to 87 min ([@ref-21]; [@ref-8]). Although it is not as easy to draw out and insert the bronchoscopy repeatedly without artificial airway in the NIV group as in the control group, the former achieves similar success rate as the latter, with no more procedure time. Possible reasons are as follows: (1) repeated insertions of bronchoscopy are maximally avoided with improved skills: tumors are destroyed by APC, then aspirated through working channel; massive necrosis is drawn out by cryotherapy after APC; and electrocautery loops are frequently used. (2) Moderate sedation reduces the discomfort of the patients and their vocal cords commonly stay open for the insertion of FB.

As it may be hard to handle massive hemoptysive under NIV, significant CT enhanced lesions are excluded in the study. It has been shown that both the incidence and mortality of massive bleeding induced by therapeutic bronchoscopies are significantly higher than those by diagnostic bronchoscopies ([@ref-22]). In the case of hypoxemic CAO, such mortality will be even higher. Although there is no case with bleeding over 100 ml in the study, interventional pulmonologists should be skilled in the management of massive bleeding as well as CAO ([@ref-19]). Given that it is typically hard to insert bronchoscopy-aided intubation when the airway is full of blood in emergency, the operators are best to be skilled at ETI with laryngoscopy to manage more difficult airways.

As mentioned above, the procedures in the control group sometimes are delayed. Therefore, the admission hour before procedure in the NIV group is significantly shorter than that in the control group. The cost for the procedures in the NIV group, without general anesthesia and the involvement of anesthesiologist, is also significantly lower than that in the control group.

This study has some limitations. First, it is a retrospective study. Second, due to the limitation of case number in our hospital and the lack of medical records of some patients, the number of patients included in this study is small, and the reliability of the conclusions is weak. The number of samples needs to be further expanded to increase the credibility of this study. Third, procedures on most patients in the control group were performed prior to those in the NIV group, introducing the possibility of increased operation experience in the NIV group. Fourth, stent placements were excluded as it is hard to place airway stent with FB under NIV. Fifth, significant CT enhanced lesions are excluded in the study to avoid massive hemoptysis which is hard to manage in study group.

Conclusions
===========

In conclusion, the use of NIV with moderate anesthesia may be a safe and cost-effective procedure for non-stent therapeutic brochoscopy in treatment of hypoxemic CAO patients with: mild to moderate CT enchanced lesions. More perspective studies with larger sample sizes are required to make a more thorough assessment of the technique.
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